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St reszc zen ie
Wstêp i cel pracy: Dostêp czo³owo-skroniowo-oczodo³owo -
-jarzmowy (DCSOJ) jest alternatyw¹ dla dostêpu pterional-
nego w operacyjnym leczeniu oponiaków przyœrodkowej
czêœci skrzyd³a mniejszego koœci klinowej. Celem niniejszej
pracy jest przedstawienie w³asnych wyników leczenia
powy¿szych oponiaków z wykorzystaniem DCSOJ.
Materia³ i metody: Analizie poddano grupê 30 chorych
z guzami centralnej czêœci podstawy czaszki, wœród których
by³o 19 kobiet i 11 mê¿czyzn. Ocenie podlega³ stan neurolo-
giczny chorych przed rozpoczêciem leczenia, po operacji i po
zakoñczeniu leczenia oraz zmiany ich aktywnoœci ¿yciowej.
Okreœlano przybli¿on¹ objêtoœæ operowanych guzów, ich sto-
sunek do du¿ych naczyñ, nerwów czaszkowych i pnia mózgu,
jak równie¿ konsystencjê i stopieñ unaczynienia.
Wyniki: D³ugoœæ wywiadu waha³a siê od 1 do 36 miesiêcy
(mediana: 6 miesiêcy). W 27,5% przypadków wiod¹cym obja-
wem by³y zaburzenia ostroœci wzroku. Rzadziej wystêpowa³y
niedow³ad lub pora¿enie nerwu okoruchowego, bóle g³owy,
zespó³ psychoorganiczny i padaczka. Przybli¿ona objêtoœæ
usuniêtych guzów waha³a siê od 5 do 212 cm3 (mediana: 
63 cm3). W 77% przypadków przeprowadzone resekcje by³y
doszczêtne lub z niewielkimi pozosta³oœciami guzów. Aktyw-
noœæ ¿yciowa leczonych w 16,5% uleg³a poprawie, w 52,8%
Abstract
Background and purpose: The fronto-temporo-orbito-
zygomatic approach (FTOZA) is an alternative to the pte-
rional approach in surgical resection of meningiomas of the
medial part of the lesser wing of the sphenoid bone. The pur-
pose of this study is to present our results of treatment of these
meningiomas using the FTOZA.
Material and methods: Thirty patients (19 women, 11 men)
with a central skull base tumour were included in the study.
The neurological status of the patients was assessed before
and after surgery as well as at the conclusion of treatment.
The approximate volume of the operated tumour, its relation
to large blood vessels, cranial nerves and brainstem, as well
as consistency and vascularisation were assessed.
Results: The symptom duration ranged from 1 to 36 months
(median: 6 months). Impaired visual acuity was the pre-
dominant symptom in 27.5% of patients. Less frequent symp-
toms included paresis/paralysis of the third cranial nerve,
headache, psychoorganic syndrome and epilepsy. Approxi-
mate volume of the tumours ranged from 5 to 212 mL (me -
dian: 63 mL). Total or subtotal resection was achieved in 77%
of patients. The postoperative performance status improved
in 16.5%, did not change in 52.8% and deteriorated in 26.4%
of patients. One (3.3%) patient died after the surgery.
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Introduction
The fronto-temporo-orbito-zygomatic approach
(FTOZA) is an extension of a classic pterional approach
that includes osteotomy which encompasses the super-
olateral orbital rim, superior part of the body of the zygo-
matic bone and zygomatic arch. This approach facili-
tates access to the middle cranial fossa and adjacent
regions through reduction of the distance between the
surgeon and the operative field along with a decrease of
necessary brain retraction. On top of that, FTOZA
improves the range of manipulation above the skull base
level, in particular within the interpeduncular fossa. The
indications for this approach in oncology as well as in
the treatment of vascular malformations arise from its
advantages then. The aim of the following paper is to
present our results of the surgical treatment of middle
sphenoid ridge meningiomas using the FTOZA.
Material and methods
FTOZA has been used in the Clinical Department
of Neurosurgery in Sosnowiec since 1990. During the
first three years it was used solely in the treatment of 
vascular malformations. It has been used for oncological
indications since 1993. A retrospective analysis of 
30 patients (19 women, 11 men aged 19 to 71 years) treat-
ed for  various types of middle sphenoid ridge menin-
giomas was performed. Additionally to the aforemen-
tioned group of meningiomas, FTOZA was used by the
authors to take out two meningiomas that involved the
temporal pyramid apex and upper part of the clivus and
seven tumours of the central part of the skull base, includ-
ing haemangiopericytomas, epidermoids, chordomas and
pituitary adenomas. Due to their variability, these cases
were not included in the presented clinical analysis. 
Neurological status of the patients at the beginning
of the treatment, at discharge and at the end of rehabi -
litation (Table 1 and 2) and changes in everyday per-
formance assessed with the Karnofsky scale (Table 3)
were analysed. The volumes of the tumours were
approximated with the formula for a rotational ellipsoid
(volume = Π/6 (x × y × z)), based on MRI examina-
tion. The extent of resection was assessed based on pre-
and postoperative MRI examinations; the Simpson scale
was used as well. The relationship to large vessels, cra-
nial nerves and brain stem along with tumour consis-
tency and vascularity was also evaluated. The distribu-
tion of catamnesis time, follow-up time and tumour
volumes was analysed with the Shapiro-Wilk test. Vari-
ables without normal distribution were described with
median and interquartile range (IQR). Variables with
normal distribution were described with mean and stan-
dard deviation (SD).
Results
The time of catamnesis for all the patients varied
from 1 to 36 months (median: 6 months, IQR: 4-12
months). Unilateral or bilateral optic nerve abnormali-
ties were the presenting symptom in 27.5%. This symp-
tom was the earliest and the most common one. Appro -
ximately 20% of cases presented with headache, epilepsy,
psychoorganic syndrome and paresis or paralysis of the
oculomotor nerve. Other, less frequent signs and symp-
toms are summarized in Table 1.
Tumours were usually located in eight adjacent
anatomical regions: median part of the lesser sphenoid
wing (33.3%), tentorial incisura (20%), median part of
the larger sphenoid wing (26.6%), lateral boundaries of
the cavernous sinus (20%), interior of the cavernous
sinus (23.3%), sellar region (16.6%), interpeduncular
fossa (33.3%) and upper part of the clivus (20%).
Approximate volumes of the tumours varied from 5 to
212 cm3 (median: 63 cm3, IQR: 24-87 cm3).
Conclusions: The FTOZA is a useful technique for removal
of tumours expanding superiorly to the middle cranial fossa
base without significant compression of the brain. Ability to
remove tumours through the described approach decreases
as the degree of infiltration of the clivus increases.
Key words: sphenoid bone, internal carotid artery, menin-
gioma, microsurgery, skull base surgery.
nie zmieni³a siê, w 26,4% nast¹pi³ jej spadek, 3,3% leczonych
zmar³o.
Wnioski: Dostêp czo³owo-skroniowo-oczodo³owo -jarzmowy
stanowi dogodn¹ drogê usuwania guzów nowotworowych roz-
rastaj¹cych siê ku górze z centralnej czêœci podstawy œrodko-
wego do³u czaszki i obszarów s¹siaduj¹cych, bez konieczno-
œci wywierania znacznego ucisku na mózg. Mo¿liwoœci
usuwania guzów z omawianego dostêpu malej¹ wraz z ich
rozrostem wzd³u¿ stoku. 
S³owa kluczowe: koœæ klinowa, têtnica szyjna wewnêtrzna,
oponiak, mikrochirurgia, chirurgia podstawy czaszki.
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Tumours were adjacent to the brain stem in 60% of
cases; however, they displaced it in only 13.3% of cases.
In two cases, brain stem pia infiltration was encountered.
Tumours adjoined cranial nerves (olfactory, optic, ocu-
lomotor, trochlear, trigeminal or abducent) in 83.3% of
cases. Adhesions or encasement of cranial nerves result-
ed in technical difficulties in nerve continuity preserva-
tion. Adhesions were common in the case of the optic
nerve while the oculomotor nerve was usually encased,
most often in meningiomas that infiltrated the cavernous
sinus (23.3% of cases). Similarly, 83.3% of tumours were
adjacent to large vessels, i.e. internal carotid artery, basi-
lar artery and/or their branches. In four cases, arachnoid
that surrounded vessels was infiltrated; the internal
carotid artery was involved in three cases and the mid-
dle cerebral artery was involved in one case.
Neurological abnormality Examination on Examination on Follow-up 
admission (%) discharge (%) examination (%)
Headache 20.6 0 0
Optic nerve abnormalities 27.5 17.2 13.7
Third nerve palsy or paresis 24.1 20.6 13.7
Fourth nerve palsy or paresis 3.4 3.4 3.4
Sixth nerve palsy or paresis 3.4 3.4 3.4
Decreased sensation in distribution of ophthalmic nerve 3.4 3.4 3.4
Decreased sensation in distribution of maxillary nerve 3.4 3.4 3.4
Maxillary nerve neuralgia 6.8 0 0
Mandibular nerve neuralgia 3.4 0 0
Hemiparesis 6.8 3.4 3.4
Epilepsy 20.6 20.6 13.7
Psychoorganic syndrome 17 6.8 3.4
Aphasia 3.4 3.4 3.4
Table 1. Neurological abnormalities present before treatment (29 cases)
Neurological abnormality Examination on Examination on Follow-up 
admission (%) discharge (%) examination (%)
Rhinorrhea 6.8 0 0
Hydrocephalus 3.4 0 0
Hemiparesis 34.4 31 27.5
Aphasia 17.1 13.7 10.3
Psychoorganic syndrome 3.4 3.4 3.4
Optic nerve abnormalities 3.4 0 0
Third nerve palsy or paresis 27.5 27.5 17.1
Fourth nerve palsy or paresis 13.7 13.7 10.3
Sixth nerve palsy or paresis 10.3 6.8 3.4
Decreased sensation in distribution of maxillary nerve 3.4 3.4 3.4
Table 2. Changes in neurological status which occurred after surgical treatment (29 cases)
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Cranial nerves were injured, i.e. their continuity was
compromised, in 17% of cases. Postoperative cranial
nerve disturbances that resulted from surgery rather
than the disease itself were seen in 27.5% of patients.
Follow-up revealed persistent changes in 20.5% of
patients (Table 2). 
In three cases, an intraoperative injury of the inter-
nal carotid artery occurred. In the first one, the damage
resulted from vessel wall infiltration by the tumour.
Haemostasis was achieved through temporary pressure
reduction and compression of the tumour remnants
along with the injury site. In another case, during coa -
gulation of the tumour attachment on the lateral wall of
the cavernous sinus, bleeding occurred that was con-
trolled with a surgical tamponade for it was considered
to be of cavernous sinus origin. The patient underwent
a second operation two days later after massive intra -
cerebral haemorrhage; the surgery revealed an internal
carotid artery injury in its intracavernous part. The in -
jury was repaired with a vascular suture. An intra -
cerebral clot that destroyed deep brain structures was
simultaneously removed. This patient subsequently died;
this was the only perioperative casualty in our cohort.
The third case of intraoperative internal carotid artery
injury occurred during recurrent middle sphenoid ridge
meningioma surgery which required all of the intracra-
nial parts of the internal carotid artery to be liberated
from the tumour. Several minutes later, while subsequent
stages of the surgery were being performed, the blood
stream perforated an undermined arterial wall. A haemor -
rhage was initially controlled with arterial clips. Conse-
quently, the ophthalmic artery was closed and dissected
and proximal and distal dural rings of the internal
carotid artery were opened. This enabled the mobiliza-
tion of the whole artery, dissection of the tumour-relat-
ed eroded part of the vessel and haemodynamically effi-
cient end-to-end anastomosis. Postoperative hemiparesis
with oculomotor nerve paralysis arose; it significantly
subsided afterwards. The bulb did not atrophy; the eye
on the tumour side was blind preoperatively. Apart from
postoperative cranial nerve injuries, the most common
complications included hemiparesis (34%) and aphasia
(17%). During the follow-up, however, their prevalence
decreased to 27.5% and 10%, respectively.
Fifty percent of tumours were highly vascular. Pre-
operative angiography was performed in all of the ca ses
where preoperative MRI suggested large vessel encase-
ment. Preoperative embolization subsequent to angio -
graphy that revealed high vascularity was performed in
one case.
In seven cases (23.3%) tumour resection was not
radical. It resulted either from tumour miscellanies on
infiltrated vessels or from an elective renouncement of
intracavernous part removal. The other option embraced
patients without clinical symptoms of intracavernous
tumour penetration. In one of these cases, reoperation
Patient no. Examination Examination Follow-up 
on admission on discharge examination 
1 90 70 80
2 60 50 60
3 80 70 80
4 80 60 70
5 80 70 80
6 70 80 90
7 80 80 80
8 90 80 100
9 80 80 90
10 80 80 100
11 80 60 60
12 80 50 60
13 90 80 90 
14 90 90 90
15 80 50 70
16 80 deceased –
17 70 70 70
18 70 50 60
19 90 70 90
20 80 80 80
21 80 80 90
22 80 80 80
23 90 80 90
24 80 70 80
25 90 90 90
26 90 80 80
27 90 70 60
28 80 80 80
29 80 80 80
30 80 80 80
Table 3. Assessment of functional capacity of patients treated with fronto-
temporo-orbito-zygomatic approach according to Karnofsky performance scale
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Fig. 1. Medial sphenoid ridge meningioma on the left (Patient no. 20): 
(A) preoperative axial MRI; (B) preoperative coronal MRI; (C) internal
carotid artery angiography, deformation and narrowing of the vessel is
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Fig. 2. Recurrent medial sphenoid ridge meningioma on the left. Tumour infiltrates cavernous sinus, cribriform plate and orbit (Patient no. 4): 
(A) preoperative axial MRI; (B) preoperative coronal MRI I; (C) preoperative coronal MRI II; (D) postoperative axial MRI; (E) postoperative coronal MRI I; 
(F) postoperative coronal MRI II
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was opted for; three other patients underwent stereo-
tactic radiosurgery. Follow-up varied from 11 to 191
months (mean: 86 months, SD: 49 months).
Comparison of the functional capacities of the
patients on admission and during the follow-up as mea-
sured with the Karnofsky performance scale revealed
improvement in 16.5%, unchanged condition in 52.8%
and deterioration in 26.5% of patients. One patient died,
accounting for 3.3% in our cohort.
Discussion
Middle sphenoid ridge meningiomas, particularly
large ones that expand well above skull base level and
encompass the internal carotid artery with its branches,
comprise the major indication for FTOZA use [1-3].
It is worth mentioning, however, that various reports still
describe a pterional or frontal lateral approach in the
treatment of these tumours [4-8]. In some cases, the
pterional approach is expanded with resections of bone
boundaries of the superior orbital fissure and optic canal
[9]. An indication for FTOZA use that raises little
doubt includes meningiomas that extend from the sphe-
noid bone via the apex of the pyramid of the temporal
bone toward the upper parts of the clivus [10].
Al-Mefty [4,11] describes three groups of middle
sphenoid ridge meningiomas. Group I covers menin-
giomas with an attachment on the lower surface of the
posterior clinoid process. Group II includes tumours
with an attachment on the superior-lateral surface of the
anterior clinoid process. Group III takes in generally
small tumours with an attachment on the tip of the ante-
rior clinoid process that penetrate the optic canal. Aside
from attachment topography, Al-Mefty based his 
classification on tumour relation to the internal carotid
artery and optic nerve. These considerations arise from
an observation that the internal carotid artery is not 
covered by arachnoid for approximately 2 mm in its
progress through the cavum caroticum after passing the
distal ring. According to Al-Mefty, tumours which arise
from the inferior surface of the anterior clinoid process
directly contact the wall of the internal carotid artery and
during their expansion preserve such contact with the
entire intradural part of the internal carotid artery and
subsequently with the middle cerebral artery. Menin-
giomas from group II and III, even though they encase
large vessels, still retain an arachnoid layer in between;
Fig. 3. Partial dissection followed by mobilization of intracavernous part and
end-to-end anastomosis of the left internal carotid artery (Patient no. 4): 
a – intradural part of the internal carotid artery, b – mobilized intracarotid
part of the internal carotid artery, c – anastomosis site, d – basilar artery, 
e – brain stem, f – empty cavernous sinus
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Fig. 4. Medial sphenoid ridge meningioma on the right that encases medial
cerebral artery without arachnoid layer preservation (Patient no. 10): 
(A) preoperative axial MRI; (B) preoperative coronal MRI; (C) internal carotid
artery angiography; (D) postoperative axial MRI; (E) postoperative coronal
MRI with remaining piece of tumour that encases middle cerebral artery
A B
C
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still group III meningiomas do not retain an arachnoid
layer around the optic nerve. In our opinion, especially
in the case of large tumours that develop over a long
period of time, it is questionable which surface of the
anterior clinoid process gave rise to the tumour. 
Al-Mefty’s classification has been questioned by others
[6,9,12]. In the majority of tumours, the arachnoid 
layer around large vessels and the optic nerve is pre-
served. These tumours are classified as group II, the
predominant one in Al-Mefty’s cohort. Al-Mefty re -
ported only three cases in group I; in our group we had
one relevant case. The question arises, however, how one
can reconcile Al-Mefty’s ideas with intraoperative obser-
vations in one of our patients who had the M1 part of
the middle cerebral artery completely covered with
tumour without any arachnoid layer present while the
entire internal carotid artery retained this layer. The
report of Russell and Benjamin [6] provides some clues.
According to them, cerebrospinal fluid circulation
around arachnoid-covered vessels diminishes while
tumour pressure increases, which in turn results in the
fusion of the arachnoid layer with tumour tissue. It is of
particular importance then to distinguish early enough
whether a given vessel lacks an arachnoid layer and not
to force radical resection. A meticulous review of imag-
ing studies, mainly angiography, is of value. Several years
of follow-up suggests that tumour miscellanies on large
vessels rarely give a base for recurrence. The report of
Russell and Benjamin [6] concurs with this opinion.
On top of that, it is worth mentioning that radiosurgery
provides a valuable treatment modality for non-radical
resections. Its usefulness is limited by the proximity of
the visual tract, however [3]. Whenever subtotal resec-
tion with subsequent radiosurgery is premeditated it is
crucial to create a free space margin between tumour
remnants and visual tract structures. One should remem-
ber as well that tumour volume should not exceed 15 cm3
to be eligible for radiosurgery; in simple terms, all of the
tumour measures should remain below 3 cm [13].
The aforesaid considerations of whether the arach-
noid layer is present around large vessels are not relevant
for recurrent cases [11]. Recurrence is one of the main
problems related to skull base meningiomas, including
those treated via FTOZA [14–16]. A meningioma that
had developed within any of the basal cisterns and was
resected (probably non-radically) recurs with no anato -
mical barriers to influence its growth. Its dissection from
vascular as well as neural structures might be very diffi-
cult then. A good example is provided by the patient in
whom in the second operation it proved impossible to
preserve the optic nerve and the internal carotid artery
wall (in spite of the fact that it was dissected from the
tumour) was so weak that the blood stream ruptured it
and forced a reconstruction of the vessel.
Preservation of large vessels is a primary goal of
surgery in tumours that qualify for resection with
FTOZA use. Of particular importance is identification
of the middle cerebral artery prior to tumour resection
[3,6,17,18]. It is hard to imagine a tumour in the cen-
tral part of the middle cranial fossa that would render it
impossible. The crucial factor is the determination of
the surgeon in his exploration of lateral, i.e. insular, parts
of the lateral fissure. Simultaneous separation of large
vessels, first the middle cerebral artery and next the
internal carotid artery, followed by tumour resection
increases patient safety and speeds up the surgery.
Abdel Aziz et al. [1] pointed out that middle sphe-
noid ridge meningiomas can expand into the cavernous
sinus. They divided such meningiomas into clino-
cavernous, spheno-cavernous and spheno-clino-
cavernous. Sekhar et al. [19] also used the term spheno-
cavernous meningiomas. Nakamura et al. [5] divided
middle sphenoid ridge meningiomas into those invad-
ing and not invading the cavernous sinus.
In our opinion, the meningiomas described above
should be divided into three groups based on their rela-
tionship to the cavernous sinus. The first group takes in
tumours without any relationship to the cavernous sinus.
The second group encompasses tumours with an attach-
ment that involves the medial part of the lesser sphenoid
wing and lateral wall of the cavernous sinus. The third
group includes tumours that grow into the cavernous
sinus. A separate group consists of tumours that do not
grow into the cavernous sinus but have an attachment
on the lateral wall of the cavernous sinus which does not
expand on the medial part of the lesser sphenoid wing.
They cannot be described as tumours or meningiomas
of the lateral wall of the cavernous sinus. The term
‘tumour of the lateral wall of the cavernous sinus’ was
lawfully reserved by El-Kalliny et al. [20] for tumours
that grow in between the layers of the lateral wall of 
the cavernous sinus, such as trigeminal neurinomas. 
The tumours discussed above could be described as
‘tumours of the anterior petroclinoid fold’. A characte -
ristic feature of these tumours is their expansion toward
the parabasal-medial part of the temporal lobe. FTOZA
use in the resection of these tumours might reduce tem-
poral lobe retraction then. 
Separation of tumours with an attachment on the lat-
eral wall of the cavernous sinus has a practical value.
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Their vasculature might arise from intracavernous
branches of the internal carotid artery. The injury of such
a branch or the internal carotid artery itself during coa -
gulation of the tumour attachment was the most prob-
able cause of the fatal haemorrhage two days after
surgery that was seen in one of our patients. The authors
base their therapeutic decisions on the clinical presen-
tation of patients with tumours penetrating the cavernous
sinus. If symptoms of cavernous sinus invasion had been
seen preoperatively the cavernous sinus was opened in
an attempt to achieve radical resection. If none of these
symptoms had been present preoperatively, the resection
would cease on the lateral wall of the sinus. These
patients subsequently are under constant surveillance
with follow-up MRI semi-annually. The presence of
either clinical or radiological signs of cavernous sinus
invasion gives a basis for reoperation or radiosurgery.
The most common complications of the resections
of tumours that require FTOZA use described in the
literature are hemiparesis and cranial nerve disturbances
[8,11]. Our results corroborate the reports of others.
By the end of postoperative rehabilitation, cranial nerve
disturbances and hemiparesis were present in 20.5% and
27.5% of cases, respectively. Hemiparesis usually fol-
lowed the surgery of large tumours with volumes
exceeding 70 cm3. Cranial nerve deficits, particularly
those responsible for eye movements, were present fol-
lowing the cases with cavernous sinus infiltration. One
of the aims of treatment of tumours of the middle cra-
nial base is visual acuity improvement [12,21]. In our
cohort preoperative visual acuity disturbances were pre-
sent in 27.5% of cases. Immediately after surgery they
diminished to 17.2%, with the final outcome at 13.7%.
One of the important factors that influence final out-
come is embolization of highly vascular tumours. 
Day [2] stresses that reduced intraoperative bleeding
creates convenient circumstances for identification and
preservation of valid anatomical structures. Neverthe-
less, this opinion is disputable, as stated by Dolenc [22]
in his comments for the report.
Tables 1 and 2 present the entire neurological status
of the group analysed. Table 1 describes tumour-relat-
ed symptoms and signs at presentation as well as their
relationship to the surgery in time. It enables compara-
tive analysis before treatment, at the end of the peri-
 operative period when a number of symptoms deterio-
rate, and after rehabilitation, i.e. no earlier than six
months after surgery. The first conclusion that arises
from analysis of Table 1 is that the surgical modalities
described above do not worsen disease-related symp-
toms or cause transient deterioration only in the peri-
operative period. The other conclusion relates to the pos-
sible improvements of selected symptoms which
occurred prior to surgery, particularly following long-
term rehabilitation. Table 2 depicts iatrogenic sequelae
of the treatment. Similarly to Table 1, the assessments
were executed prior to surgery, immediately after and 
at the end of rehabilitation. There are no major differ-
ences between the first and the second assessment. 
Visible disparities are present between the second and
the third evaluations. Most of the iatrogenic symptoms
either decrease or disappear after rehabilitation.
The majority of patients in our group reported for
treatment at the peak of their life activities and most of
them resumed their normal life afterwards.
Conclusions
1. The fronto-temporo-orbito-zygomatic approach
enables the removal of tumours that invade the
interpeduncular fossa from the central part of the
middle cranial fossa and adjacent anatomical regions
without excessive brain retraction. The effectiveness
of resection with this approach diminishes with
tumour extension along the clivus toward the poste-
rior fossa.
2. Surgical treatment of tumours that qualify for fron-
to-temporo-orbito-zygomatic approach use general-
ly do not worsen pre-existing neurological symptoms,
while side-effects of it either decrease or disappear
with time.
3. The fronto-temporo-orbito-zygomatic approach facili -
tates good cosmetic outcome and does not impair eye
functions on the treated side.
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